Flexible manufacturing system (FMS) is an important component of competitive strategy, which could be used for improving organizational performance, productivity, and profitability. The goal of this research is to use DEMATEL approach for finding the intensity of influence of selected criteria. Then, in order to evaluate flexible manufacturing systems, the results of DEMATEL are used in SAW method. A questionnaire was developed and ten professional experts working in various departments of Aluminum Composite Panel Industry are asked to answer its questions. The obtained results reveal that in this case, it is a better choice not to implement and develop FMS.
Introduction
Over the last several decades, flexible manufacturing system (FMS) has been a subject of intense research. Therefore, many papers have been published on this subject (Bayazit, 2005) . The aim of designing an FSM is to combine the flexibility of a job shop and the efficiency of a mass production line, so that various work pieces could be produced on a group of machines (Chan et al., 1997) . According to Matte et al. (2001) , FMSs were introduced in the late twentieth century as a highly competitive manufacturing strategy, and they have been in the center of attention of many researchers. An FMS uses computer controlled automation systems to integrate the material handling system (MHS) with the machine centers (MCs). It has been widely used in shop floors for producing a large set of product families in small or medium volumes. Another definition presented by Solimanpur et al. (2005) describes flexible manufacturing system (FSM) as "a production system in which a central computer links and controls a set of machines and a flexible material-handling system such as an automated guided vehicle (AGV), a robot, etc."
The FMS is called 'flexible' because it is able to simultaneously process a wide range of various part styles at different workstations, and it can respond to chang demand patterns by adjusting the mix of part styles and quantities of production. The evolution of FMSs provides great potential for increasing flexibility and changing the basis of competition by ensuring both customized and cost-effective manufacturing at the same time (Rao, 2007) .
So far, the potential benefits of FMS implementation have been the subject of many studies. All these studies have reached a common conclusion that the FMS implementation has numerous advantages. The advantages of a successful FMS implementation include increased flexibility and product variety, enhanced responsiveness and productivity, decreased labor costs, and increased machinery utilization (Inman, 1991; Boer & Krabbendam, 1991 Evans & Haddock, 1992; Kaighobadi & Venkatesh, 1994; Maffei and Meredith, 1995; Bayazit, 2005) . Several multi criteria decision making (MCDM) approaches have been used in existing literature to determine the relative importance of a set of features or criteria. Simple Additive Weighting (SAW) method is one of these techniques designed for solving complicated multi-criteria problems. A large number of quantitative techniques have attempted to evaluate new technology implementation. Previously, Shang and Sueyoshi (1995) , Myint and Tabucanon (1994) , Albayrakoglu (1996) , Shamsuzzaman et al. (2003) and Chan et al. (2000) , Bayazit (2005) have used another technique known as analytical hierarchy process (AHP) to evaluate advanced technology.
To evaluate FMS, this paper presents a comprehensive application of Decision Making Trial and Evaluation Laboratory (DEMATEL) and SAW techniques for a real-world case. This study is aimed at determining whether or not ZARIN BOND (ZB) should implement FMS throughout the plant by using the DEMATEL and SAW. This paper is organized as follows: The first section presents the research carried out at ZB. The attributes affecting the decision are presented in the second section. In the third section, the DEMATEL is used to specify the weight of the criteria at ZB. The SAW method and its application in selecting the best alternative are presented in the fourth section. Finally, after the matrix calculation section with future scope of further research, the last section concludes the paper.
Research methodology
ZARIN BOND (ZB) was founded in 2009 in Shiraz, the capital city of Fars province, in Iran. It is now the major manufacturer of Aluminum Composite Panels in the country. Through the last three years, it has intensively invested to obtain the most modern technologies e.g. computer numerical control (CNC) machines and FMSs. The management of ZB is now considering the implementation of FMS throughout the organization. By developing an FMS they gained significant advantages such as increasing flexibility, decreasing set-up time, and increasing customer satisfaction, etc. However, they also encountered some problems during the implementation of FMS. Thus, they were eager to find out that whether or not the FMS should be developed in entire plant. In order to provide a systematic approach, we ran a study based on DEMATEL and SAW. We visited the company managers and it took several hours to decide on the best alternative. A team was formed from the decision makers of ZB. This team consisted of production manager, operations manager, quality control manager, and sales manager. Since the members of decision making team were not familiar with the approach, as the first step, the DEMATEL methodology was introduced to them. Next, the model was formulated and the criteria were determined. 17 factors were considered as primary ones. Also, we identified two different alternatives:
(1) Developing FMS; and (2) Not developing FMS Once the criteria were determined, the decision-making team performed pair wise comparisons including all possible combinations of criteria. Since the decision concerned implementation of FMS in the entire plant, decision makers used their own experience on partial FMS implementation to determine the criteria. The criteria for evaluating the decision were determined and used in the DEMATEL approach. These criteria are shown in Table 1 . Next, in order to evaluate flexible manufacturing systems and select the best alternative, the results of DEMATEL were used in SAW approach. (Lin & Lin, 2008) . This approach was used for the first time at Battelle Memorial Institute in Geneva between 1972 and 1976 for solving a group of complicated and intertwined problems (Tzeng & Huang, 2011; Mehregan et al., 2012) . This technique is able to improve the understanding of the particular problematic group of interacted factors and criteria also; by constructing a hierarchical relevant network system, it can provide a feasible solution. It is a widely accepted idea that DEMATEL is one of the best tools, which could be used for solving the cause and effect relationship between the evaluation criteria (Chiu et al., 2006 , Liou et al., 2007 , Wu and Lee, 2007 , Lin and Tzeng, 2009 . The DEMATEL technique is used for analyzing and constructing the cause and effect relationship between evaluation criteria (Yang et al., 2008) or for extracting interrelationship between factors (Lin and Tzeng, 2009 ). According to Yu and Tseng (2006 ), Liou, et al., (2007 ), Yang, et al., (2008 , Wu and Lee (2007) , Shieh et al., (2010) , this methodology is capable of confirming interrelations between variables/features, and it is also able to limit the relations that reflect the characteristics of a system (Amiri et al., 2011) .
The final output of DEMATEL technique is a visual representation known as mind map. Based on this visual representation, the respondent organizes their actions regarding the world (Amiri et al., 2011; Lin & Lin, 2008) or adheres to the priorities expressed in it (Tzeng & Huang, 2011; Mehregan et al., 2012) .
Steps of DEMATEL method include

Finding the average matrix
In this study, we deal with H experts (ten people) and n factors (seventeen factors). Each expert is requested: "To what degree does factor i affect factor j?" these pair wise comparisons between all the factors are made and are represented with . It is noteworthy that integers 0-4 are ascribed to these comparisons . Among which zero indicates "no influence" of i factor on j factor, one represents "very low influence", two indicates "medium/low influence", three represents "high influence" and finally four shows "very high influence". Then, by calculating the formula below, we can calculate mean An×n matrix (Lin & Lin, 2008) for all the experts' opinions by obtaining the mean of H scores as follows:
It is noteworthy that the average matrix A=[ ] is also called initial direct relation matrix (Lin & Lin, 2008) .
Calculating the normalized initial direct-relation matrix
We turn matrix A into normalized initial direct-relation matrix called matrix D as follows,
And then 
Calculating the Indirect Influence Matrix
Indirect influence matrix is obtained as follows: 
Sequence of occurrence of elements is met
To this end, in this step we determine the possible hierarchy or structure of the elements. The order of influence of presumed elements of one problem on other elements or their being influenced is definitely indicative of the possible structure of the hierarchy of those elements in improving or solving the problem. Therefore, in Table 5 which represents the sequence of elements (hierarchy) we use ( − ) −1 matrix (Mehregan et al., 2012) . And finally, Table 6 shows the sequence of elements, which influence one another. Table 6 The sequence of elements ( criteria ) Column (R-J) represents the position of an element (along the lateral axis) and the criteria whenever this number is positive, it indicates that criteria is influential, and in case it is negative, it means the criteria are influenced by other criteria. Also, (R+J) column indicates the total sum of the influence of an element (on the longitudinal axis) with regard to its influence and the influence exerted on it. Fig. 1 represents the position of the elements in the possible hierarchy.
Fig. 1. Position of elements (criteria)
As inferred from the results of Fig. 1 , the criteria which along the horizontal axis of (R+J) coordinate tend towards infinity are among criteria which according to the experts participating in this study have the highest effect on the other criteria in the area of Aluminum Composite Panel industry in Iran. According to Table 6 , the weight of each criteria obtained with respect to interval ranking. 
Simple Additive Weighting (SAW)
Simple Additive Weighting (SAW) is the oldest, most widely known and practically used method (Hwang & Yoon, 1981; Chu et al., 2007; Ginevičius & Podvezko 2008a , 2008b , 2008c Ginevicius et al., 2008; Ginevičius & Gineviciene, 2009; Zavadskas et al., 2007c; Jakimavicius & Burinskiene, 2009; Podvezko et al., 2010; Sivilevicius et al., 2008) . This technique obtains a weighted sum of the performance ratings of each alternative under all attributes. In the first step of this method, it scales the values of all attributes to make them comparable and eventually it sums up the values of the all attributes for each alternative (chou et al., 2008) . SAW which is also referred as weighted linear combination or scoring methods or weighted sum method is a simple and most often applied multi attribute decision technique and it is based on the weighted average. An evaluation score is calculated for each alternative by multiplying the scaled value given to the alternative of that attribute with the weights of relative importance directly assigned by decision maker followed by summing of the products for all criteria. For numerical attributes scores are calculated by normalized values to match the standardized scale. The SAW is a comparable scale for all elements in the decision matrix, the comparable scale obtained by rij for benefit criteria Eq. (5) and the worst criteria Eq. (6).
The SAW method, underlying additive values function, computes as alternatives score Vi = V(Ai) by adding weighting normalized values before eventually ranking alternatives.
For ∈ * with i={1,…..,n}, j={1…..m}; , ∈ ( 0 , 1 )
Then the selected alternative, * is: (Nancy, 2013) 
Following the stepwise SAW method as mentioned above and by using seventeen criteria, ZB company wants to choose the best alternatives. These criteria have been mentioned in Table 3 . The weight of criteria have been computed by using DEMATEL method as shown in Table 7 . After preparing collected data from experts, based on values of very low, low, average, high, very high (scale values 1-9) and computed weight, we will start following steps of saw method : Table 9 Decision matrix (collected data based on scale values 1-9)
Now calculate the normalized decision matrix according to positive criteria and negative and we finally find the ranking reported in Table 10 .
Table 11
The Ranked Alternative Implementing FMS 0.7419 Not implementing FMS 0.7882
Finally according to SAW method, the implementation of FMS is not recommended.
Conclusion
So far, only a few Iranian companies have made a serious attempt to install FMS. This is mostly because FMSs are highly capital intensive and it might take several years to install them. ZB Company is one of the Iranian companies that have been successful in partial implementation of FMS. A hybrid model of DEMATEL and SAW was proposed by the authors of this paper to help management of ZB who could not make a decision about whether or not FMS should be implemented in the entire plant. Also, several important factors were found by the authors and the relative importance and influences of these factors on the objective of the decision-making model were investigated. The DEMATEL helped us incorporate 17 factors, which were both quantitative and qualitative to evaluate the implementation of FMS. Using SAW, it was concluded that implementation of FMSs was not recommended. Table 1 shows the ranking of alternative by DEMATEL and SAW methods. So, in implementing and developing of FMS, the top manager can concentrate on this strategic decision. This study revealed that DEMATEL and SAW could be used for managing complicated problems to assess advanced manufacturing technologies. Sensitivity analysis of results which is of great importance in practical decision-making, also using FUZZY DEMATEL for evaluation of manufacturing systems would make interesting subjects for future research.
